that it may influence the activity of Cu/Zn superoxide dismutase,21 but little else is known about its normal function. The fact that it is possible to rear transgenic mice totally devoid of the protein22 implies that it is not essential for life, and adds to the confusion.
I. Background and patient management

Background
The transmissible spongiform encephalopathies (TSEs), alternatively known as prion diseases, excite a fascination among both medical personnel and lay public for several reasons.
They are the only known example of diseases which can be transmitted both genetically and by infection, though in most human examples the exact aetiology remains unknown. The nature of the infective agent is still not completely clear, the diseases are uniformly (and usually rapidly) fatal, and there is no known cure. Consequently, it is not surprising that there has been an enormous amount published on the subject. Indeed, if the number of publications on any disease is divided by the incidence of that disease, human TSEs reveal an 'interest factor' over 10 times that of any other condition, and over 100 times that of most. 1 This is reflected in the size of the reference lists at the end of this article and its companion!2
The history of TSEs has involved the eye in a variety of ways. The first evidence that scrapie could be transmitted experimentally followed inoculation through the eye,3 and the first evidence that Creutzfeldt-Jakob disease (CJD) could be transmitted directly from human to human by infection involved a corneal graft. 4 Visual symptoms are frequent, as are neuro ophthalmological signs, and it is therefore likely that some patients will present to an ophthalmologist. This review and the companion article2 set out to provide the reader with an update on the current understanding of human TSEs, and to discuss the management of patients, with particular reference to corneal transplantation. As yet, there is no effective treatment,S so this aspect will not be discussed further. In the companion article 2 we review the ophthalmic and neuro-ophthalmic features of these diseases in greater depth.
Methods
In preparing this review, MEDLINE and EMBASE were consulted using the following combination of keywords: CJD, Creutzfeld, Creutzfeldt, Creutzfeldt-Jakob disease, Creutzfeldt-Jakob syndrome, eye, fatal familial c.J. LUECK, G.G. McILWAINE, M. ZEIDLER insomnia, FFI, Gerstmann-Straussler-Scheinker, Gerstmann-Straussler-Scheinker disease, GSS, Heidenhain, Jacob, Jakob, kuru, ocular, ophthalmic, ophthalmological, optic, prion, prion disease, PrP, PrPSc, transmissible spongiform encephalopathy, TSE, vision, visual, in addition to various permutations of accommodation, evoked potentials, eye and eye diseases, ocular motility disorders, and vision. Major neurological, ophthalmological and neuro-ophthalmological journals were also screened by hand over the last 10 years. Secondary referencing was carried out from the papers found by these procedures.
Transmissible spongiform encephalopathies
There are several different TSEs affecting animals and man, and a summary is given in Table 1 . This article will deal with those diseases affecting man, i.e. CJD, Gerstmann-Straussler Scheinker disease (GSS), fatal familial insomnia (FFI) and kuru.
Neuropathologically, these conditions are recognised by the triad of spongiform change (affecting any part of the cerebral grey matter), neuronal loss, and proliferation and hypertrophy of astrocytes.6-8 Neurons show loss of dendritic spines and intracytoplasmic vacuoles,9 and there is accumulation in the brain of amyloid. The amyloid consists of an abnormal, 33-37 kDa degradation-resistant glycoprotein,lO which is an isoform of a normally occurring protein known variously as prion protein (PrP), scrapie-associated protein, proteinase resistant protein, scrapie amyloid protein, or Sp33-37.11,1 2 The normal, or wild type, is known as Prpe ( , cellular', principally (X helical structure, detergent soluble) and the abnormal isoform as Prpsc ('Scrapie', principally j3-sheet structure, insoluble in non-denaturing detergents)Y Prpe is a normal constituent of the neuronal cell membrane,14,IS but it is also widely expressed throughout the bodyY It is transported along neuronsI6 and accumulates at the neuromuscular junction. 17 Scrapie infection has been shown to alter receptor-mediated Ca2 + ,18 and other reports suggest that Prpe may be necessary for neuronal transmissionl9,20 or The most compelling hypothesis to date is the third, 
Creutzfeldt-Jakob Disease
Creutzfeldt46 and Jakob47-49 are usually credited with having described the condition first,50 though Fischer51 More recently, a '(new) variant' has been described,106,lo7
probably related to bovine spongiform encephalopathy (BSE). This is dealt with in detail below. More unusual phenotypes include a more slowly progressive illness108,109 and presentation with a stroke-like onset.l1O
Other cases have been reported with lower motor neuron implies methionine replaced by valine at codon 129. Amino acid abbreviations are: A, alanine; D, aspartic acid; E, glutamic acid; F, phenylalanine; H, histidine; I, isoleucine; K. lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine; Y, tyrosine.
However, occasional cases of kuru still occur, and 
Route of inoculation
In humans, when the infectious agent is introduced into, or near, the brain, the incubation period is measured in months, whereas peripheral inoculation (Le. oral, intramuscular or intravenous) produces incubation period of years or decades252 (see Table 3 In In sheep, biopsy of the nictitating membrane ('third eyelid') has been advocated for the purpose of diagnosing scrapie,453 but this is not applicable to man.
An appendix removed 8 months before initial symptoms of vCJD was found to show abnormal PrP. This raises possibilities for assessing prevalence, as well as possible infectivity issues.454 A study of the prevalence of vCJD based on appendicectomy specimens is currently in progress.
Transmission
Transmission of TSEs has been documented to occur in man by various routes, and suggested to occur in others. A summary of the documented routes has been presented in Table 3 , above.
Neurological and hormofJal transmission
Neurosurgery
Following the first clear demonstration of human-to human transmission via corneal transplantation (see below),4 the next method of transmission to be firmly implicated was neurosurgery. Two patients developed CJD following a procedure using stereotactic EEG electrodes previously used on a patient who had CJD. 455 The electrodes in question were subsequently shown to transmit the disease to a. chimpanzee. 456 Neurosurgical instruments have subsequently also been strongly implicated in several case reports,56,457,458 and there have been a few weaker associations with neurosurgery in general, e.g. in surgery for trigeminal neuralgia,58 resection of meningioma,459,460 cerebral abscess459 or leukotomy. 459 An increased risk associated with general surgical operations has also been reported in a recent epidemiological study?80 However, the strongest association in neurosurgical practice has been with the use of cadaveric dura mater grafts (see below).
Cadaveric dura mater homografts
The first report that grafting of cadaveric dura mater might be responsible for the subsequent development of Nevertheless, it is clearly important that patients with known CJD/17 or those at risk of developing the disease,518 do not donate blood, and extreme vigilance is required in genera1.50l,519 In the UK, blood for transfusion is now routinely leucodepleted.
Other routes of transmission
Dietary transmission has long been suspected, with particular reference to eating sheep's eyeballs/20 raw meat,508 or the brains of various animals.508,521-527
However, most epidemiological studies have failed to show a significant effect of eating organs, including brain,507,528 in sporadic CJD. The association of vCJD with BSE has been discussed above, but, though often suggested/29 it is still not clear that the method of transmission is dietary. Several other possibilites have been suggested for transmission, in particular procedures which involve lymphoid tissue such as tonsillectomy or appendicectomy,165 and, of course, blood products (see above) since it appears that the lymphoreticular system plays an important role in the propagation of infection following parenteral inoculation.530,531 Other medical procedures have been looked at retrospectively, including EMG, lumbar puncture and vaccination, and no increased risk of CJD has been found. 508 As mentioned above, occupational exposure to . for congenital glaucoma/o7 but these are probably incidental findings and will not be discussed further. The cases involving corneal transplantation will be dealt with in more detail.
• Du ffy et a1.4,545 described the case of a cadaveric corneal graft, the donor being a 55-year-old man with a 2 month history of ataxia, memory deficit, myoclonus 
Applanation tonometry
In view of the known infectivity of the eye, the possibility that applanation tonometry might transmit the disease has been suggested, [554] [555] [556] • the least possible number of persons should take part in the operation, and those present should wear waterproof gowns, gloves, and face masks with transparent plastic visors to protect the eyes;
• the operation should take place at the end of the list;
• a one-way flow of instruments should be maintained;
• where possible, disposable equipment should be used;
• in suspected cases, instruments which have been in contact with the patient should either be destroyed or quarantined until the diagnosis is confirmed or refuted (and destroyed if the diagnosis is confirmed).
Ophthalmic and neuro-ophthalmic features are discussed in the accompanying paper? It has been suggested that the costs involved in destroying instruments are likely to be small, as extremely few patients will be involved,s77 and one 
Selection of donors fo r corneal transplantation
The potential for contamination through grafting any tissue depends on five thingS: 579
• the nature of the donor organ;
• the stage of the infection of the donor at the time of the graft;
• the screening of the donor;
• the nature of the surgery associated with the graft process;
• the physical or chemical treatment which might be applicable to the graft. In summary, the following should not be considered as potential donors:
• Any patient with known CJD, GSS or FFI, or any form of degenerative dementia or subacute encephalopathy.
, 579
• Any patient dying of unknown cause, 553 or suffering from CNS disease of unknown aetiology, z89
• • Steam autoclaving for 1 h at 132°C [But NB: Not formol-fixed tissue 586 unless a formic acid step is included in fixation 587 )
• Immersion in 1 N NaOH for 1 h at room temperature Partially effective procedures:
• Steam autoclaving at either 121°C or 132°C for 15-30 min
• Immersion in 1 N NaOH for 15 min, or lower concentrations (less than 0.5 N) for 1 h
• Immersion in bleach (undiluted, or up to 1:10 dilution) for 1 h .4 M guanidine thiocyanate seems very promising
588
Ineffective procedures
• Acetone, alcohols, f3-propiolactone, boiling, chlorine, detergents, dry heat, ethanol, ethylene oxide sterilisations, formaldehyde solution, glutaraldehyde, hydrochloric acid, hydrogen peroxide, iodine and iodophors, Lysol, peracetic acid, phenolics, potassium permanganate, quaternary ammonium compounds, sodium dichloroisocyanurate, sodium hypochlorite (if too dilute), ionising, ultraviolet or microwave irradiation
Management of instruments
Prions are resistant to almost all the procedures generally used to inactivate conventional viruses. Effective and ineffective methods of decontamination are given in 
